Abstract: Although the presence of antineutrophil cytoplasmic antibodies (ANCA) has been reported in patients with systemic sclerosis (SSc), the association of SSc and systemic vasculitis has rarely been described. We obtained information on cases of systemic vasculitis associated with SSc in France from the French Vasculitis Study Group and all members of the French Research Group on Systemic Sclerosis.
INTRODUCTION
S ystemic sclerosis (SSc) is a chronic systemic fibrosing disease associated with autoimmune abnormalities such as antinuclear antibodies (ANA). The prevalence ranges from 4 to 489 cases per million individuals. 13 The main manifestations are attributed to 3 features: tissue fibrosis, autoimmune disorder, and microvascular injury.
Fibrosis is responsible for the involvement of skin, lung, and gastrointestinal tract. Tissue biopsies reveal accumulation of extracellular matrix. Skin is almost always affected, except in the so-called sine scleroderma SSc. Scleroderma is usually classified into 2 subsets, according to the extent of skin involvement. In patients with limited cutaneous SSc (lcSSc), skin thickening is limited to the face, hands, and forearms, whereas in patients with diffuse cutaneous SSc (dcSSc), skin thickening affects the chest, abdomen, and/or upper arms. 29 Interstitial lung disease, mainly nonspecific interstitial pneumonitis and less frequently usual interstitial pneumonitis, is found in up to 75% of SSc patients and still represents a therapeutic challenge, being a leading cause of mortality. 44 ANA are detected in up to 95% of patients. The 2 main and specific subtypes are found to be exclusive; anti-Scl-70 (also called anti-topoisomerase I) antibodies seem to be more frequent in patients with dcSSc, interstitial lung disease, or scleroderma renal crisis. Anticentromere antibodies are more frequent in patients with lcSSc. 39 More recently antibodies to anti-RNA-polymerase III have been found in patients with dcSSc, and are associated with increased risk for scleroderma renal crisis. Many other ANA can be found: anti-U3-RNP, anti-U1-RNP, and anti-Pm/Scl.
Small vessel vasculopathy is one of the first manifestations of the disease, preceding skin thickening and other symptoms. Raynaud phenomenon is associated with capillaroscopic changes, especially the presence of megacapillaries. Digital ulcers are usual during the course of disease. Two less frequent but potentially lifethreatening features are related to the vascular component of SSc: pulmonary arterial hypertension, found in more than 10% of patients, and scleroderma renal crisis. Scleroderma renal crisis is usually revealed by hypertension, rapid progressive renal failure, and non-autoimmune hemolytic anemia with thrombocytopenia. Kidney biopsy reveals thrombotic microangiopathy with special features such as concentric edematous intimal proliferation and thickening of interlobular arteries leading to ischemic glomeruli. The treatment for scleroderma renal crisis is based on angiotensinconverting enzyme inhibitors.
Antineutrophil cytoplasmic antibodies (ANCA)-associated systemic vasculitis (AASV) is systemic necrotizing vasculitis of unknown etiology, including granulomatosis with polyangiitis (Wegener granulomatosis), microscopic polyangiitis, renal limited vasculitis, and Churg-Strauss syndrome. By indirect immunofluorescence, 2 major patterns of ANCA can be distinguished: a diffuse cytoplasmic staining (c-ANCA) mainly associated with anti-proteinase 3 (anti-PR3) antibodies, and a perinuclear pattern (p-ANCA) mainly associated with anti-myeloperoxidase (anti-MPO) antibodies. Drugs are a potential inductor of ANCA and AASV. Pauci-immune necrotizing glomerulonephritis is a frequent feature of AASV. The treatment of AASV is based on immunosuppressive drugs.
Vasculitis is not a typical finding in SSc. Nevertheless, the presence of ANCA has been observed in up to 11.7% of patients with SSc, and a few reports describe SSc patients with AASV. The association of these unrelated diseases has sometimes been attributed to a side effect of D-penicillamine treatment. 21 Most cases are described as normotensive renal failure We conducted the current study to assess the clinical features and prognosis of systemic vasculitis associated with SSc and to compare our cases with those reported in the literature.
METHODS
We obtained information on cases of systemic vasculitis and SSc in France from the French Vasculitis Study Group and members of the French Research Group on SSc. Data were collected by reviewing medical records in reference centers and departments with well-known experience in the field of SSc and systemic vasculitis.
We included only cases with a diagnosis of systemic vasculitis proven by biopsy. Clinical data on systemic vasculitis included general symptoms; cutaneous, neurologic, gastrointestinal, renal, or pulmonary involvement; delay between SSc and systemic vasculitis diagnosis; and delay between D-penicillamine regimen and occurrence of systemic vasculitis. The following laboratory data were recorded: C-reactive protein levels, creatininemia, proteinuria, urinary sediment, presence of ANCA, type of immunofluorescence, presence of anti-MPO and/or anti-PR3 antibodies, rheumatoid factor, cryoglobulinemia, and hepatitis B and hepatitis C virus serology.
All patients fulfilled the American Rheumatism Association classification criteria for SSc. SSc was classified according to the LeRoy classification criteria. 29 Data on clinical (cutaneous, gastrointestinal, pulmonary, and cardiac involvement), laboratory, and immunologic manifestations were collected for each patient. All patients underwent transthoracic echocardiography, thoracic tomodensitometry during follow-up for SSc. Interstitial lung disease was defined as the presence of nonspecific interstitial pneumonia (NSIP) or usual interstitial pneumonia (UIP) findings on thoracic tomodensitometry. The following gastrointestinal manifestations were searched for: dysphagia, heartburn, alternating constipation and diarrhea, and pseudo-obstruction; the findings of endoscopic examinations were studied when the exams were performed.
The Five Factor Score was determined for each patient with ANCA-associated vasculitis. 16 We performed a MEDLINE (National Library of Medicine, Bethesda, MD) literature review using the following key words: ''systemic vasculitis,'' ''cryoglobulinemia,'' ''anti-neutrophil cytoplasmic antibody-associated vasculitis,'' ''Wegener's granulomatosis,'' ''microscopic polyangiitis'' and ''systemic scleroderma.''
We compiled the results in tables describing the clinical and laboratory manifestations of SSc and systemic vasculitis in our cases, in the literature cases, and in the total 51 patients.
RESULTS
We identified 12 patients with systemic vasculitis associated with SSc: 9 patients with AASV and 3 with mixed cryoglobulinemia vasculitis (MCV). We previously reported 1 of the patients in the French literature. 28 The cohort of patients with SSc is well known in 3 of the 5 centers participating in this study. These units are considered tertiary centers for SSc and systemic vasculitis. Six patients with AASV and 2 patients with MCV were identified in a cohort of 1120 patients with SSc. 
Mixed Cryoglobulinemia
Three female patients (aged 60, 30, and 31 yr, respectively) presented with MCV (1 with type 2 cryoglobulinemia and 2 with type 3 cryoglobulinemia) and limited SSc (Table 1) . No hepatitis C virus infection was detected. Associated Sjögren syndrome was diagnosed in 2 patients based on the AmericanEuropean Consensus Group criteria. Vasculitis was diagnosed 6, 30, and 4 years, respectively, after SSc diagnosis. A diagnosis of cryoglobulinemia was proposed in view of the cutaneous and neurologic manifestations (multiple mononeuropathy). No other organ involvement was observed. Cutaneous biopsy confirmed the vasculitis, but immunofluorescence examination of tissue biopsy was not available. Low C4 values were observed in each case (respectively 3, 10, and 4 mg/dL). So the diagnosis of MCV was sustained on the basis of histopathologic findings (leukocytoclastic vasculitis), circulating cryoglobulins, and low C4 values. Treatment was based on corticosteroids, cyclophosphamide, and plasmapheresis. None of the patients developed scleroderma renal crisis after receiving high doses of corticosteroids. All patients had remission of MCV without relapse. One patient received mycophenolate mofetil as a maintenance regimen.
One of the 3 patients died as a result of B-cell lymphoma, diagnosed 8 years after the occurrence of type 2 cryoglobulinemia vasculitis.
ANCA-Associated Systemic Vasculitis

SSc Characteristics
Nine patients (all women; mean age of 53.1 yr at the time of SSc diagnosis) had limited SSc (Table 2 ). None presented with diffuse SSc. The main visceral complications were interstitial lung disease and esophageal involvement. ANA were found in 8 of the 9 patients, with anti-Scl-70 in 5 of 9 and anticentromere antibodies in 1 of 9 patients.
Previous treatment for SSc consisted of corticosteroids (2 patients), cyclophosphamide (1 patient), and D-penicillamine (2 patients received D-penicillamine at the time of AASV diagnosis for 11 and 24 mo, respectively).
Characteristics of the 42 cases from the literature review are described in Table 3 , along with characteristics of the 9 patients from the current study. Features of the patients from the literature and patients from the present series are quite similar, with a predominance of female patients, lcSSc, and interstitial lung disease. Anti-Scl-70 antibodies were the most prevalent autoimmune abnormality.
AASV Characteristics
Vasculitis was confirmed by histologic data in every case (cutaneous n = 4, renal n = 3, neurologic n = 1, muscular n = 1) ( Table 4) . AASV always occurred after SSc diagnosis, with a mean delay of 7.1 years (median, 0.5 yr; range, 0Y24 yr). The final diagnoses were microscopic polyangiitis n = 7, renal limited vasculitis n = 2.
At the time of AASV diagnosis, multiple mononeuropathy was confirmed in 5 patients. Three patients presented with acute renal failure (creatininemia 266, 292, 779 Kmol/L, respectively) related to pauci-immune glomerulonephritis. Kidney biopsy did not reveal the features of microvascular involvement usually observed in SSc (mucoid intimal thickening with concentrically arranged myointimal cellular proliferation described as the ''onion-skin'' lesion). Other manifestations were cutaneous in 5 patients and articular in 3 patients. The Five Factor Score was above 1 in 3 of 9 patients. p-ANCA were present in 6 of 7 patients, and anti-MPO antibodies in 8 of 9 patients. No c-ANCA or anti-PR3 antibodies were found in our patients.
Data on treatment for systemic vasculitis were available in 9 of 9 patients. The induction regimen for AASV was based on corticosteroids in 9 of 9 patients, cyclophosphamide in 6 of 9 patients, azathioprine in 1 of 8, and plasma exchanges in 2 of 8 patients. Follow-up data were available for 7 of 9 patients, with a mean follow-up of 40.3 months. One patient died due to bacterial pneumonitis while receiving oral corticosteroids during the first month of treatment. Remission was obtained in 6 of 7 patients. Two patients had a minor relapse during remission maintenance regimen with mycophenolate mofetil. No patient had end-stage renal failure. None of the patients developed scleroderma renal crisis after receiving high doses of corticosteroids. One patient died due to gastric adenocarcinoma 18 months after the onset of systemic vasculitis.
Data on the 42 cases from the literature review are described in Table 5 , along with characteristics of the 9 patients from the current study. The delay between diagnosis of SSc and AASV, the type of AASV, and the frequency of MPO-ANCA are quite similar to what we found in the current study. To our knowledge, no anti-PR3 antibody-associated vasculitis in patients with SSc has been reported. In the literature, kidney involvement was more prevalent and neuropathy less frequent than in the patients of the current study.
DISCUSSION
In the current study, the prevalence of vasculitis in SSc patients referred to tertiary centers was less than 1%. Previous prevalence studies of ANCA and therefore of AASV have provided conflicting results. Three English, Italian, and Japanese studies 1, 11, 31 provided a prevalence of AASV close to our estimation of 0 to 1.3% in a cohort of 77-115 SSc patients, whereas Endo and collaborators 14 found a high prevalence of 6% in a cohort of 100 Japanese patients.
The association of systemic vasculitis and SSc, although very unusual, is probably not fortuitous. In reviewing our cases and the literature cases with an association of systemic vasculitis and SSc, we differentiated between 2 types of systemic vasculitis: MCV and AASV.
Mixed cryoglobulinemia was first reported by Husson et al 22 to be present in up to 50% of SSc patients (10/20 patients). However, none of these 10 patients presented with symptoms of systemic vasculitis. 22 Then, in 1990, Buskila et al 8 reported only a single case of mixed cryoglobulinemia in a cohort of 108 SSc patients tested for the presence of cryoglobulin. This patient had symptoms of cutaneous vasculitis. To our knowledge, until now, only 9 patients with SSc and MCV have been Abbreviations: See previous tables. *Anti-MPO+/p-ANCA+: prevalence of anti-MPO antibodies among patients with SSc in whom immunofluorescence showed p-ANCA. **AASV/anti-MPO+: prevalence of AASV among patients with SSc in whom ELISA showed the presence of anti-MPO antibodies.
described. 8, 23, 37 We can speculate that in these SSc patients, cryoglobulinemia is a manifestation of Sjögren syndrome linked to SSc. 6 In 1987, Oddis et al 37 had already shown that patients with SSc are at an increased risk of developing vasculitis when they show features of Sjögren syndrome. In our study, 2 of 3 patients with cryoglobulinemic vasculitis had Sjögren syndrome according to the American-European Consensus Group criteria. The clinical presentation and prognosis of MCV associated with SSc does not seem to differ from that of other types of MCV. Salliot et al 42 have already reported that Sjögren syndrome associated with SSc has the same features as primary Sjögren syndrome. In the current study, the outcome of MCV was favorable under a corticosteroid and immunosuppressive regimen.
Antibodies against neutrophil cytoplasmic antigens are usually found in granulomatosis with polyangiitis (Wegener granulomatosis), microscopic polyangiitis, Churg-Strauss syndrome, and renal limited vasculitis. Few studies have investigated the presence and the role of ANCA in SSc: ANCA prevalence ranged from 0 to 11.7% in SSc (Table 6) . 1, 11, 14, 15, 26, 31, 34, 36, 41 In these prevalence studies, vasculitis was found in 11%-100% of SSc patients bearing p-ANCA/anti-MPO antibodies. However, these studies mainly used immunofluorescence examination for ANCA detection. ELISA tests to detect anti-MPO antibodies were performed only subsequently. This focus on anti-MPO antibodies was probably related to the constant perinuclear pattern described on immunofluorescence examination in SSc patients and because of the previously reported cases of anti-MPO-associated vasculitis in SSc patients. Ruffatti et al 41 performed a prevalence study using both immunofluorescence and ELISA (both anti-PR3 and anti-MPO) screening tests. They demonstrated the presence of p-ANCA in only 5 of 115 SSc patients, with anti-PR3 antibodies in 2 patients, anti-MPO antibodies in 1 patient, and both anti-PR3 and anti-MPO antibodies in 2 patients. Negative results of a PR3 capture ELISA led the authors to suppose that these autoantibodies recognize different epitopes from those of sera of AASV patients. If we consider AASV and SSc, anti-MPO were the unique autoantibodies, found in 44 of 46 cases with no anti-PR3 antibodies.
We reviewed 9 personal and 42 literature cases of SSc and AASV. SSc was mainly of the limited cutaneous type despite a high prevalence of anti-Scl-70 antibodies. In their review of literature cases, Rho et al 40 suggested that anti-Scl-70 antibodies could play a role in the development of AASV in SSc patients and could be a significant predictor of the development of AASV in SSc patients. Interstitial lung disease was the main complication of SSc. It was the only feature that required an immunosuppressive regimen in 3 of 51 patients. Interestingly, pulmonary fibrosis has been described as a manifestation of microscopic polyangiitis with MPO-ANCA, sometimes occurring several years before the microscopic polyangiitis diagnosis. 47 Such a manifestation has been attributed to recurrent alveolar hemorrhage, but also to an accelerated fibrotic process related to increased oxidative stress mediated by anti-MPO antibodies. 17 Therefore, interstitial lung disease can also be a manifestation of anti-MPO-associated vasculitis rather than a component of SSc. AASV was diagnosed a mean 8 years after the diagnosis of SSc. Twenty-nine percent of patients (15/51) received a D-penicillamine regimen. Eight patients were receiving D-penicillamine at the time of AASV diagnosis, for a median duration of 5 years (range, 0Y24 yr). D-penicillamineinduced AASV has already been reported in other diseases. 7 So, in these 8 SSc patients, we cannot exclude the imputability of this therapy in the occurrence of AASV. On the other hand, 43 of 51 SSc patients developed AASV without a potentially inducing drug, suggesting other mechanisms for the development of systemic vasculitis in SSc.
The final diagnoses of AASV were microscopic polyangiitis in 31 of 51 patients, renal limited vasculitis in 19 of 51 patients, and other vasculitis in 1 of 51 patients. Immunofluorescence revealed p-ANCA in 41 of 42 cases, and ELISA revealed anti-MPO in 46 of 48 tested patients. Most of the previously reported cases of AASV associated with SSc were described as normotensive renal failure. Kidney involvement is reported to be found in up to 60% of patients with SSc. 9 Scleroderma renal crisis occurs in nearly 10% of patients and encompasses progressive renal failure, thrombocytopenia, nonautoimmune hemolytic anemia, and high blood pressure. 45 Such manifestations occur in the first years of SSc and are associated with diffuse SSc, arthritis, anti-Scl-70 antibodies, and use of corticosteroids. In 1989, Helfrich et al 18 described 15 SSc patients with normotensive renal failure; these patients frequently showed signs of hemolytic anemia and thrombocytopenia. Six of the 15 patients, however, presented with alveolar hemorrhage. Thrombocytopenia was present in all 6 patients. The authors did not indicate whether a search for ANCA was performed. They described no unifying pulmonary pathologic feature in 4 of these 6 patients at autopsy. Thereafter, 42 patients with AASV and SSc were reported in the literature. Whereas 36 of 42 reported patients presented with rapidly pauci-immune glomerulonephritis (31/36 biopsy proven), only 3 of our 9 patients did. This might account for the poorer prognosis observed in the previously reported cases (13/38 died after a mean follow-up of 12.8 mo) than in our cases (2/7 died after a mean follow-up of 40.3 mo).
The current study does not allow us to draw conclusions about the treatment of AASV in SSc patients. We can only underline that no scleroderma renal crisis occurred in our patients or in the previously reported cases despite the use of high doses of corticosteroids. This could be related to the high prevalence of the limited cutaneous type of SSc in patients with AASV and SSc. Finally, the current study demonstrates that diffuse organ involvement (skin, nerves, kidney, lung) related to AASV can be observed in SSc patients.
Systemic vasculitis is a rare complication of SSc that can lead to misdiagnosis, especially in the face of confounding conditions, such as digital ischemia and SSc renal crisis. In the case of SSc renal crisis, normal blood pressure and the absence of microangiopathic hemolytic anemia should lead to ANCA testing and a kidney biopsy. In the event of vasculitic syndromes in SSc patients, 2 diagnoses should be considered: MCV potentially associated with Sjögren syndrome, but especially ANCAassociated vasculitis. This latter category can be responsible of severe major organ involvement such as that found in microscopic polyangiitis. Prompt recognition of vasculitis could lead to the early introduction of an appropriate immunosuppressive regimen and better renal and global survival.
